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The MLL nomenclature: more trouble than it's worth? MLL2 (MIM 602113; NM_003482, chromosome 12q13.12), a gene encoding a histone 3 lysine 4 (H3K4) methyltransferase of the trithorax group, has recently become of high interest for clinical and molecular genetics since the identification of de novo dominant MLL2 mutations as the major cause of Kabuki syndrome (1) . Previously, a significant amount of research had already been dedicated to enzymes of chromatin-modifying function involved in various processes of transcriptional regulation in development and physiological states. However, the correct correlation and interpretation of these scientific findings are hindered by a major confusion in gene nomenclature that needs to be resolved.
In 1998 the HUGO Gene Nomenclature Committee (HGNC) approved the name MLL2 for the human gene located on chromosome 12q13.12. However, FitzGerald and Diaz described another member of the human MLL gene family that was located on chromosome 19q13.12 in 1999 and also named this gene MLL2 (2). Since then both genes have been referred to as MLL2 somewhat inconsistently throughout the literature and, to enhance confusion, both genes have also been referred to as MLL4 . In particular the mouse orthologue of the human chromosome 12 gene (MGI: 2682319, chromosome 15), which is approved as Mll2 by the Mouse Genomic Nomenclature Committee (MGNC), has been frequently referred to as Mll4 in the literature, for example in a paper by Cho et al. describing a protein complex with H3K4 methyltransferase activity (ASCOM) that actually contains Mll2 , Mll3 and several other binding partners (3) .
The designation MLL4 is currently ascribed to the human chromosome 19 gene at the UCSC genome Nomenclature for H3K4 methyltransferases 
H3K4, histone 3 lysine 4; KMT, K-methyltransferases a MLL4 has been used for this gene but was never approved by HUGO Gene Nomenclature Committee. b Although the encoded protein has no KMT activity, it is included in the classification based on its partial homology to other family members. This mix-up of nomenclature might become evident on close inspection of a paper if accession numbers are provided, but how can anyone interpret findings in publications that do not give any accession numbers? How can anyone determine whether the results deal with the gene/protein one is interested in? The group of Issaeva et al. tried to overcome this confusion by using synonyms, for example, ALR for MLL2 (6), but since ALR has also been used as a synonym for both genes (7), the ALR nomenclature is just as incoherent and confusing.
A resolute solution: the KMT nomenclature
There is an urgent need for an intelligible nomenclature of genes coding H3K4 methyltransferases. Instead of swapping gene symbols in an already confusing situation, we propose in agreement with the HGNC and the MGNC (Dr Elspeth Bruford, personal communication), to completely replace the MLL nomenclature system. Although it is widely used by researchers and clinicians, especially for the MLL/Mll1 gene, the MLL nomenclature is outdated and does not give credit to the complex function of the MLL group proteins; instead it suggests a link with myeloid leukaemia that is not valid for most members of the family. As for MLL2, new sequencing technologies have recently provided evidence for the implication of MLL and MLL3 in the pathogenesis of human developmental syndromes (8, 9) , emphasizing their importance for the field of human genetics, and other family members are bound to follow. Establishment of an unequivocal nomenclature system, based on protein function, would help to avoid misunderstandings in the future.
Previously, Allis et al. suggested a well-structured and systematic nomenclature for chromatin-modifying enzymes (10) , including the MLL group of enzymes, and this nomenclature has since been endorsed by both HGNC and MGNC. This new nomenclature names and categorizes enzymes depending on their homology in sequence and domain structure, and groups them according to their chromatinmodifying function. Thus, lysine demethylases are termed K-demethylases (KDMs), lysine acyltransferases are named K-acyltransferases (KATs), and the lysine methyltransferases are classified as Kmethyltransferases (KMTs). Consequently, the H3K4 methyltransferases are subsumed into the KMT2 group (Table 1 ; Fig. 1 ) and the group members are numbered by the order of published records. Naming these proteins as KMTs is correct for all the members except MLL5, which does not have an intrinsic methyltransferase activity (11) . Nevertheless, given its homology to the other family members, we propose to reassign it as KMT2E in line with Allis et al. The suggested nomenclature has already found wide acceptance for other groups of chromatin-modifying enzymes, showing that changes in nomenclature do become acceptable with time. One prominent example is KDM6A, a lysine demethylase shown to cause Kabuki syndrome in case of intragenic or whole-gene deletions (12) .
Conclusion
The ambiguous MLL nomenclature is outdated and has been causing confusion for many years. The KMT nomenclature introduced by Allis et al. represents a comprehensible system, largely based on functional data and homology that is already commonly used for gene families other than the MLL group, such as the KDMs. Moreover, its link to the MLL nomenclature will always be easily trackable in the public domain, and thus the risk of creating further perturbation through establishment of this new nomenclature is negligible. We propose acceptance of the KMT nomenclature for chromatin-modifying enzymes and for the respective coding genes by the scientific community, especially for the KMT2 gene family, in order to avoid misapprehension of scientific results in the future.
